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This invention relates to cleaning articles, 
6i2l>6trate8 therefor, and a process for the manntacture 
of such STibstrates. The invention has particular 
application to substrates vhich are to be used to 
produce so-called wet wipes, i.e^ small sheets, 
moistened with a liquid having cleansing or other 
relevant properties. Such wipes are sold, for exaaple, 
in the form of baby wipes, adult incontinent wipes, and 
facial/slcin cleaning wipes. It is to be undeirstood, 
however, that the invention is also applicable to other 
forms of product used for cleaning areas of the human 
person, for exannle moist toilet paper and dry wipes, 
and is also applicable to wipes intended for cleaning 
other siirfaces, for example fcitchen and, bathroom 
surfaces, and surfaces which require cleaning in 
industry, for example surfaces of machinery or of 
automobiles. As will be appaxent from the ensuing 
description, some, though not all, of the advantages 
afforded by the present invention axkl embodiments 
thereof are relevant to cleaning such inanimate 
surfaces. 

For simplicity, the d&ecription belo^ concentrates 
on wet wipes for cleaning the human skin, but what is 
said must be understood in the light of the foregoing 
comiaent© about the wider applicability of the 
invention. 

Wat wipes commonly compri««e a substrate of a non- 
woven fibrous material, wetted by a euit&ble liquid. 
The non- woven substrate material is formed to have a 
high strength. Some limitations may be imposed on the 
strength of the substrate if it is desired that its 
density tshould be low enough to permit the presence of 
pores in vhich a « ignif leant amount of the wet' ,ing 
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liquid can be he- Id. Hovftver, this is not much of a 
limitation, and it may be no limitation at all, sinca 
all or most of the wetting liquid can b« hald by virtaa 
of the strongly hydrophilic surfaces of tb*: fibres, 
rather than by the cApillaxy action of any opcm pores 
between the fibres. This is true, for example in the 
case of cellulose/pulp air laid tissues. Typically, a 
known wet wipe substrate will have a breaking t^msile 
strength of about 50 or 60 M in MD and about 8H in CO, 
where MD and CD refer to machine direction (i.e. the 
direction of travel of the substzratie throng -ttxe 
machine which is producing it} jnd cross directiion (a 
direction in the plane of the substrate and at 90_ to 
machine direction) • 

An alternative method of defining strength, and 
one which may be more appropriate for the purpose of 
compar ing these known s ubstrates with substrates 
according to the invention described below, is tte 
work; typically expressed in Hm (Uewton-matres) 
required to stretch the sLibstrate to breaking point. 
This is referred Iud hn^xnr as toughnes^s. A tesrt for 
measuring toughness is described in xmre detail below. 

One method of m«mifactu,ring non-voven substrates 
involves a process knocm as hydroentangling. In this, 
a web o£ fibres, for mxMjBpla a carded web, travels 
beneath at least cne array of or'ljriceo, and preferably 
a plurality of from successive arrays, frou which jets 
of wa'ter are emitted. ]5ach array eictsnds transversely 
with irecpect to the path of travel of the web, and 
provides a large number of closely spac^&d jets. These 
jets act like sharp needles, and entax^le the fibres to 
form a suJastrate. Thxs entanglement holds the fibres 
in a coherent substrate, trithout the need for adhesives 
or thexioal bonding, zn c u rrent equipment, the orifices 
typically have a diameter of from about 80 to about 180 
micrometers , preferably about 9 0 to 150 micrometers , 
and there may typically be from about 8Q0 tua 1700 
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nozzXu per aete«( of oriflc« hmy. Tlxtt vater ±m 
supplied to tha orifice arrsr^a at a praseura which 
generally Increaatta stepvise froa the firrt array, 
where it may be as little as 30 bar, to the last array, 
where it may bo ae such as aboat 250 bar. This 
stepvise increase is provided to allow for the fact 
that the fibres are progressively more and aore 
difficult to iftove as entanglesent proceeds. The total 
energy supplied to the vob by the liquid jets from all 
the orifice arrays cocbined is 0.5 to l,o XXQx/lcg of 
fib.*e inaterial. 

Xt has now surprisingly been found that vet vipes 
can be produced vhich have superior properties to knovn 
wet vipes, both as regards as their cleaning ability 
aad as regards the softness vhich the user perceives 
then to have , if the substrate is one vhich is 
significantly less strong than the substrates of Icnoim 
wet wipes, and p2rcrvided certain other conditions are 
fulfilled. Xn the ca^ae of substrates xu&de using a 
hydroentangling process, the lower strength can be 
achieved by reducing total enfixgy input of lieruid jets. 

Xt should be laentioned that although 
hydroentangling is preferred as the method of producing 
the substrate, ether sethods known per se in the art 
can alternatively be usad^ For ea^caple, the water can 
be replaced by another liquid, or by a gas, for esca&ple 
air or steas. Alternatively, the fluid ^needles" can 
be replaced by m^:£&aziical needles, in a process Icnown 
as needlepunchliig. Xn tbls barbed needles, e.g. of 
steel, are punched through the w^, hooXlng tufts of 
fibres across it and thesr^by Isonditig it in the 
needlepunched areas. 13ie needles enter and leave the 
web vhile it is trapped between two plates, the veb 
— being pulled throue^ the apparatus by draw rolls. 

Another uethod vhich sdght be used is thernal 
bondix\g, in vhich the fibres are of thermoplastic 
material, or have an cuter layer of thermoplastic 
material, and are bonded together In discrete c;.ots by 
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heat rhi. bonding can L .chi.v.4 using . dru» which 
h^s at leaat on. hating .i«„nt in the tot«l^ 
thereof, and which ha. an .urfac L^^^ 

e»bos.ad pattam with which th. f ihrru.^^' ?! 
pressed into contact. How.v«, a suhatratrpr^^L ^ 
this way is unliJtely to be as ttat* F^roaucaa in 

hyarog.ntan,Xing, or ne^lel^'c^^ ^ LTT ' 

employes, for cZ^T . ' A« ««n«r 

-"f-ioy ^, ror exaaple, in paper Baking. 

are ^TtlTT^' vat-laying 
are all well known fisr aa and wUl th«:afore not^ 
d.»crib«l in detail below. Hydroentangltog ir al^ 
well knc«„ per se. but i« describanSlL bel^ 

of mentioning a n«»b«: of «odif icationa 
hydrog^,Xi„^ ^.^^^ ^ ^ „ prac^ieaT 
Thus, according to the prasant invention -there ia 
provided a nox^oven fibroue substrate for 
Cleaning article, wherein the «;a«trat. has a aalor 
surface for vubbing on a surface to be cleaned TlZ 
str«^gth in at lea^ one dlrecti«., ^ Z^lul Z 
least a proportion of long fibres whiea» «:r^ll! !* 

said^J^in, Whilst r.^, ^ 

Of 1^'*^^"'' es «»d., ha. a toughness 

Of less than o.em, in at lea^t one direction 
preferably not »ore than 0.5 K- w^T! 

""I^^ ^ 1.=^ H» in each Of two^^JU^y 

perpendicular directions. The tensil. strJ^Jl 
preferably not xor. than «5 n A*t«. «^9th is 

au^ongth cf tar rubbing is 
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proferably not laora than ION in at: laast ona diraction, 
and not mora tban 30N in each of two mitually 
pezrpandicular directions • 

Tae invention turtliar provides a wat wipe 
coaiprising a substrata as aforesaid and a cleaning 
liquid. 

The invention also provides a method of prxMlucing 
a non-woven, fibrous substrata for use in a cleaning 
article, and having a major surface for ruMbing on a 
surface to be cleaned, ^^xerein a fibrous layer 
coB^ising fibres of which at least a proportion are 
long fibres, is subjected to hydroentangling by neazis 
of jets of liquid which apply to the tixsrasm layer a 
force sufficient to produce a coherent sn lctra te bat 
low enough for at least sozne of said long f Ibrra to be 
capable of protriiding from said major sxxrface as a 
result of said rubbing, vhilst resiaining ytt-ffrrhgd to 
the substrate. 

A substrate according to the invention xiust thv^ 
possess two significant characteristics idcstlfied as 
(a) and (b) below, and should desirably xso<sfress two 
others, identified as (c) and (d). These arrt 

(a) iigmdaamqL^^ 

This is necessary in crder^ to allow sdgx&lficant 
quantities of surface fibres to beco&e so^perated from 
the sxzrf ace plane of the substrat.* when the sobstrate 
is subjected to the friction vhi<^ results fna xulabing 
on the eULn or other surface to be cleax»ed« The low 
strength nay be in HD or CD or both. 

(b) ThgLJorggence of relatively long f laygn 

At least a certain proportion of t2&e fibres, 
proferably at least 20%, noro preferably at least 40%, 
still more preferably at least 60%, and y*t nore 
preferably at least 80%, are sufficiently icrng that 
even though they asrtend f roa the surface plane of the 
substrate as a result of the friction praSnced by 
rubbing, they nevertheless reaain atteched to the body 
of the substrate. In one preferred form, sisbctantially 
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all 1A« fitorM are long fibres. Such fibre* can either 
remain attached at one end, with the other end 
extending from the substrate surface, or they can 
remain attached at both ends, but have a central 
portion extending from the substrate surface. The 
fibres referred to herein as -long- have a length of at 
least 2cm, normally from 2 to 6c», and more preferably 
at least 3cm, normally from 3 to Sen. 

m.^ ahiiitv Qf ipga^n^a fA^^ft P9rtipng to 
yfimaln ^rrsm the substxate mxt^Q% 

laie point here is that the desired effect is 
xiniiXe3y to be achieved if the loosened fibre portions 
have a tendency to remain against the substrate 
surface. One way in which this tendency can be avoided 
is If at least a proportion of the fibres concerned has 
a relatively high flexural stiffness, even when the 
substrate is wetted by a cleaning liq[aid, if present, 
and CO will tend to protrude from the substrate 
surface. To give this stiffness, such fibres should 
preferably have a tensile strength, when dJ^f, of at 
least 2.5CH, more preferably at least EciH, and still 
more preferably of the order of lOcH. Horarever, they 
ahould not bo so stiff, at least where the product is 
to be used on the slcin, as to give the product an 
unacceptably abrasive f^el, and the tensiXe strength 
chcrtild therefore preferably not exceed 30cai, and more 
pr'dferably should ne'e exceed 20cU, 

^9here the substrate is to be used for an article, 
^xch a* a wet wipe, containing a cleaning liquid idiich 
itt either an aqueous solution or an eoulsion in which 
the continuous phase is axsueouc , instead of , or in 
addition to , the fibres having at least a given 
flexural stiffness, the desired effect nay be achieved 
if those fibres are hydrophobic, and thus resist the 
absorption of the cleaning liquid which the wet wipe 
contains . Pibre aatorials which have suitably 

nydrcphobic properties include i^olyolefins such as 
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polypropylene and poly<athyl«n«, polyaaidms snch aa 
nylon, and polyethylene terephthalate. 

If the liquid carried by the wipe or cleanitig 
article Is oil-baeod, for exasqE>le in the form of an 
emulsion in which the oil forme the continuoue phase, 
the fibres could be caused to protrude froa the surface 
of the eubstrate by their being hydrophilic, and 
suitable fibre aateriala for tiiie purpose include 
viscose fibres and cotton fibres. y^t another 

possibility is for the cleaning liquid to be a silicone 
enulsion, in which case the fibres liust k>e sucdi as will 
continue to protrude from the substrate in the prttseace 
of such an eiaulsion. 

This is very desirable, for reasons which will be 
apparent from what is said below. 
In the accoii^»anying drawings: 

Figure X is a diagrattmatic perspective view of an 
example of an apparattzs irtiich can be u&ed to prepuce a 
substrate a,:M3ording to the present invention, using 
hydroentangling ; 

Figure 2 is a set of graphs showing the strength 
of various sul>atrates, ease according to the Invention 
and soao not; and 

Figures 2 and 3 are photographs with a 1,75 si 
magnification, shoving a substrate according to the 
invention before b'^ after rubbing; 

Figures 6 and 5 are cross section, magnified ac25, 
through & substrate according to the invention and a 
comparative substrate; 

Figures €a to 6f are graphs generated by an 
Instron machine teat (described further below) of 
vzurious substrates; and 

Figure 7 shows a Zdssajous curve, referred to 
below in connection with a rubbing tost referred to 
below. 

The apparatus lo ohocm in Figure i oois^nrises r 
continuous belt 12, on the upper run of which tho 
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hydrogentangling proc.s. ««]ca. pi.o«. As vi«w«d In 
Figure i, the upper run trav.1. In a rightward 
direction and preferably does so at a speed of 25-75 
n/nin, more preferably 40-€0 «/min. The belt is 
apertured, as described in nore detail below. A layar 
of fibres 14, such as a nomroven batt or other Initial 
fibrous layer 1« fed on to the belt, a. ir-licated 
diagraaaatlcally by arrow 16. The initial fibrous 
layer »ay consist of any suitable web, aat or batt of 
loose fibres, disposed in random relationship with one 
another, or in any degree of aligiment, such as aight 
be produced by carding or the like. rb» initial 
fibrous layer >ay be aade by any desired technique, 
such as by carding, randos laydown, aii? or slurry 
deposition or tiie lUce. 

The Initial fibrous layer then passes benaatb a 
plurality of orifice arrays 18. Each array ex-ter^s 
transversely across the line of travel of the belt 12 
and fibrous layer 14. m the drawing, five such arrays 
18 are shown, but it suet be esg^aslsod that the nuaber 
uf arrays could be isore or less than this, ««y from 2 
to 15. There aight be only a single nosxle array, but 
a ^plurality is preferable. Each array 18 has a 
perforated plate on tbe undwrsida thereof in which is 
forced at laaat one row of orifices. Typically, there 
ie e single row or a pair of parallel row, and where 
there Is a pair of rows the eriflcos In one row nay be 
etaggorod wltb respect to the orifices in tbe otber 
row. Tbe row, or each row, as the ease nay be, runs 
parallel to tbe length of the array is. The orifices 
used in one preferred for. of the present invention 
have a diaaeter of from 100-120 nioroaeters, and are 
arranged, for escaaple, at about o.eam centres. 

Water is fed to tbe array, via a blgh pressure 
line 20 and individual pressure regulators 22, one per 
array. By tbis means the pressure can differ from 
array to array. Thus, as already mentioned, tbe 
pressure nay increase stepwise froa one array to the 
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n«xt , as considcarsd f ron tha upstream and "to tha 
downstraam end of tlia bftlt. Tha sua totai of tJia 
prassurs applied to individiial arrays io pr«ferabXy 
rrom 40-1100 bars, aoxe pzaferably fron 40-2OO bars. 
The watar flow rata through aach array is preferably 
from 2-5 »^/hr ior aach natra length of tha arr&y. Tha 
flow velocity of aach water jet is .fron 40 to no 
m/sec, ttora preferably froa 40 to 100 m/sec, and the 
energy flow par water jet Is preferably froa 3O0-14000 
bars. a/sec, aore preferably at least 800 bars.a/sec. 
The total power input to the wab froa all thia arrays 
conbined, is preferably froa 1.0*120 JtW/a of wq2> width, 
and is more preferably not aore than 100 yxfm. The 
total energy ii^ut to tha web is preferably froa 0.005 
to 0.8 xseh/kg of aatarial, and preferably leas trhan 0.5 
kWh/kg. Kore preferably it is in a range of from 0.1 to 
less than 0.5 IcKh/icg. Still aore prafarably t2ia dipper 
limit of this range is 0.4 or 0.3, and the lower llalt 
of the range aay be O.2. 

Vacuua boxes 24, one for each array as, are 
providetl beneath tha belt, for the purpose ocf taXing 
away tha watMr after it has passed through tha l>alt. 

As already aientioned the belt is in tha ^ra of a 
wire grid, preferably a raotangolaTf and, aore 
preferably , square , grid, defining a corr*Rponding 
array of apertures. For axa^la, a grid aay 1am xisad in 
which there axra froa X2 to 30 apertures per ca^, 
preferably froa 20 to 30 apertures per ca^. xtr aust be 
understood, however, that finer or coarser grids aay be 
used, axkd that tha eperturas aay be arrongadt in ways 
lAich do not constitute square or rectangular ^rids. 

As explained above, the %ratar is used to ssopply an 
azuount of energy which is low coupared tu> that 
conventionally used, though sufficient to effect 
hydroentangling. one affect of this is that the 
substrata thus f oraad does not have openings extending 
through it even at the locations where, dixslng its 
foraation, it is isaediately above the wira crossing 
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points in tho bait, at least as regards a substantial 
proportion of those locations* Preferably, not more 
than 50% of the locations fors open apezi:\ires, and more 
preferably not more than 30%. Generally, at least a 
few percent of the locations will provide open 
aperttires, say at least 5%. Except vhere the apertures 
are open, the substrate consists of areas of reduced 
thidcness formed above the vire crossing points and 
ridges elsewhere. The aboence of large numbers of 
openings in the substrate is an advantage vhere, for 
example, it is to be used as the substrate for a vet 
wipe. Xf many openings vers present these could permit 
dirt zuid other undesirable materials to pass through 
the stibstrate from the surface being cleaned to , f Or 
example, the hand of the user* 

TThe existence of the above mentioned ridges in the 
st^etrate has at least tro significant advantages One 
is that it incr>aases the caliper of the substrate 
material without a proportionate increase in the amount 
of material required to make it. Hie other is that the 
ridges form initiation areas vhere friction produced 
during rubbing can start the partial break-up of the 
susrface of the siabstr-ate, vith the attendant desirable 
effects already described. 

The eimount, and nci^ure, of the entangling produced 
by the water jets depends, inter s^iSk on the belt speed 
and the direction of the jet^v* Ilegarding the direction 
of belt travel (MD) as the y direction, the direction 
transverse thereto in the plane of the belt (CD) as the 
X direction, anC the direction perpendicular to the 
plane of the belt as the z direction, the greater the 
difference between the cozcponent of bolt velocity in 
the X or y direction, and the comp-»nent of jet velocity 
In the same direction, the gx eater will be the 
entangling effect In that directioiu Thus, %rtien the 
belt is travelling at r high speed in the y direction, 
and the jets are aimed directly along the s axis, as is 
conventional in a hydroentangling epparatus, there is a 
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substantial Mwunt ot entangling ia both dixactions, 
but much «or. in th. y dlxaction than in tha x 
direction. Correspondingly, tha resulting strength of 
the substrata in th. x direction 1* «ch les. than in 
the y direction. The faster the beXt .peed, the higher 
the proportion of the energy ,d.icih goes into the y 
direction entangling, and the la^ the proportion 
which goes into the x direction. 

The respective rtrength ia two directions 

can be altered bj- angling th. jet. ,^«trea. {increasing 
the y direction entangling), doi«rtr»«i (decreasing the 
y direction entangling), laterally (Increasing the x 
direction entangling) , or 1« so— oonbination the*:-of . 
For example, the jets can be angled upstream or 
downstream by up to 45_ with respect to the normal to 
the belt, and/or laterally by up to AS_. m addition 
some jets could point in different directions to other 
jets, either within a given array car from one array to 
another. Purthar, rome or all of orifices could be 
shaped to give a swirling motl« to the jet. issuing 
therefrom. 

in the foregoing description, th. wirfac on which 
hydroentangling takes plac has referrwi to as a 

belt. It 1. to b. understood, hffi«««r, this is only by 
way Of .xampl., and th. wxrf ac eomld b. any «»itable 
travailing surface, ^rtiethMr trwmUJng linearly or in 
th. cas. of a drum for Mcas^l., cire«aarly. 

Aleo, th. apparatu. mbmrn la Mgor. l ha. wat« 
jots only on one surfac of th. ratetxat.. It may ba 
dasirabl. to effect hydroentangling «rom both «irfac««. 
in that case, the web of Flgur. 1 cam be passed tbreugh 
a second, oppositely disposed asasMbly of orific«»« 
arrays and vacuum boxes. Alternatively, th. initial 
web can pas. through an assembly In which orific. 
arrays on on. side of th. v.b alt«niat. with orific. 
arrays on th. othwr aid.. 

Purth«: general Information about hydroentangling 
can be found, for example, in US-*-M62a5l (Kalwait*.) , 
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US-A- 3025585 (Grisvold) , TJS-A-3485706 (Evans) , US-A- 
5204158 (Phillips et al) , US-A-5320900 (Oathout) and 
KP-A-0418493 (Fibervet) , the contents of which are 
incorporated herein by reference Hydroentangling 
equipment suitaO^la lor use in carrying out the present 
invention is obtainable from ICBT Perfojet, Z.A. Pre- 
Hillet, 38330 Mont Bonnot, France* 

Various fibre coispositions can be used to produce 
the substrate, though lareferably the composition should 
include sufficient fibres vhich have the desired 
ability to protrude from the surface of the substrate* 
Examples of fibre compositions vhich can be used 
include mixtures of a hydrophilic fibre material (e.g. 
viscose, cotton or flax) and a hydrophobic fibf-e 
material (e.g. polyethylene terephthalate or 
polypropylene) , which may be present in any desired 
proportions, or purely byi ophilic or purely 
hydrophobic materials. Preferably there is from 30-70% 
of a hydrophilic material !ind 70*-30* of a hydrophobic 
material. KIX these percentages are by weight. Two 
particularly preferred compositions are 50% viscose/ 50% 
PP and 50% viscose/50% PET. One advantage provided by 
having such a laorge amovjxt of viscose fibres is that 
their surfaces are ridged, having ridges of the order 
of 10 micrometers high, azkd their ridges provide 
additional friction to help initiate partial breakHtq> 
of the substrate. 

The substrate preferably has a basis weight of at 
least 3U gm~^. Where the substrate is to be used for a 
vet wipe it is xinli3cely that a basis weight of core 
than 150 ga^2 will be required, though in theory 
hig.^er basis veights could b« employed. Indeed, given 
that the invention is concerned with what is, in 
essence, a surface effeot, it can be seen that it is 
not urjreasonable that, provided the substrate is not 
too thin, its thidaieas should be, at least largely, 
irrelevant to the invention. For practical piirpoMs, 
however, at least in the field of ordinary wet wipes. 
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til* basis weight is prererahly in the rango of 30- 130 
gm"2 core preferably 3O-70 qoT^, and still mora 
preferably 55 to 65 g»"'. A product having a basis 
velght of 55 to 65 ga"^, when made according to the 
present invention by a hydroentangllng process, and 
with a textxired surface, typically lias a caliper of 
about 0.8mm« including the texturing. The teacturing, 
as already mentioned can be achieved by carrying out 
the hydroentangllng oa an apertured surface. If the 
overall caliper is leas than about 0.4 n it may be 
difficult to IncorposratA} a textured surface, and such a 
surface Is advantageous, for the reasons already given. 
Prefezrably, the caliper of the substrate Is feom 0.4ian 
to 2.0ma, more preferably from 0.4 to 0.95n. The buUc 
density of the substrate is preferably not more than 
C-lg/ca^, preferably not more than 0.9g/ca^, and still 
preferably not more ttiffin O.eg/ca^* m determining the 
density, the volume of the substrate is calculated 
lis ing the caliper of the substrate including the 
texturing. 

Ma already dLndlcated, a siabstrate produced 
according to the presc^tt invention nasulta la s^aperior 
cleaning properties to those obtals^d by aubsti-ates 
aceortilng to the prior art. ^e principle reason tor 
this is believed to ba the fact that the fibres which 
protrude from the eu£>strate surfaca as the cleaning 
proce^ proceeds provide additional cleaning surfaces. 
BoTOver, the actual cleaning mechanism mstf^ involve 
other effects In addition to, or Izkstead of, the one 
jtutt described, and no reliance is to be placed on the 
particular theoretical explanation just glveou 

A» veXl as the In^roved cleaning effcfcct, there is 
also an Increase in substrate scrtness. This is 
believed to result from t%?o m{»fi$ianls=rs. Firstly, the 
low strength of the material result in a material- 
ixqposed lizaltatlcn on the level of £rlctlon which can 
be achieved bcttween the sizbstrate exid th« surface of 
whicb it Is being ruba>ed, for exasqpXe tha sldn. when 
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tbe frictlonal force begins to exceed -that, limi^. 
Individual fibres partially tear troa the. surface of 
-tbe substrate, tbereby preventing any further increase 
in ttie f rictional force . No such f orcft- liaiting 
effect is present in prior art substrates, at least not 
until the f rictional force is very bigh* 

The second relevant mechanism is believed to be 
that as fibreis are caused to protrude from the 
substrate they oan be felt by the slcin with vhich the 
substrate is in contact, and since these fibres, even 
if relatively stiff, are then free to bend, the 
sensation to tba user is one of softness. Hovaver, the 
increased in pex-ceived softness may result: from other 
effects in addition to, or instead of, those juSt 
described, and no reliance is to be placed on 
the particular tlieoretical explanation just given. 

Four substrates according to the Invention 
(Examples 1 to 4) will now be described, t:ogother with 
a ccmparative exasqple (B>;ample 5) of a substrate not 
according to the invention* 

Sraa^les X to 4 were made from thA same fibre 
con^sition, nai&ely 50% viscose and 50% polypropylene, 
all the fibres Uaving a length of 4ca and a diameter 
e<3£uivalent to X.7dte3£. Examples X to 4 were all made 
in the same vay. The only difference betveen them vas 
basis veight of the substrate, vhiCh vam ixm follows 
( the basis veiglit of Sxaa^le 5 else belskg given for 
coapleteness) : 

Ex 1 s eo.7 g/m^ 
Ex 2: 62.9 g/m^ 

Ex 3: 55.6 g/m^ 

Ex 4: S9.2 9/m^ 

Ex 5x S3 .2 g/m^ 

Zt should be noted th%t Example 5 used thm same 
fibre composition and fibre diameter as Examples 1-4. 
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The apparatus used in Sxaa^les 1 to 4 had azi 
apezrtured belt; vlth 25 apttrtures/ca arranged in a 
square grid. The line travelled at alsout 50 a/ain. 13 
ori-ice arrays were used, eaA having about 1666 
orifices per metre of their lengthy with each orifice 
being about lOO aicromo^ers in diameter. Cxauftple 5 was 
made using a belt which was not apertured. Xn all of 
Examples 1-5 the jets were directed pe3n?endicularly to 
the fibrous web. Other process condit^ions for Examples 
1 -to 4 and comparative Exas^le 5 are set out in the 
following Table X. 



EX.1-4EJL5 

Combined flow rate tiuoQgh all jet arrays (ni^/hc/azz^/m) 50 50 
PiessurcO>ar) 45-S5 40^ 

Jetvdodiy (m/sec) 60-90 

Energy flux per jet (bars-m/scc) 3000-750Q 2000- 
8000 

Total pressure across aH arrays 0>ars) 620 970 

Total power firom all amsya (kW/in web width) 62 107 

Total eneargy iag^ from all arrays QcWbH:;^ wcfe) 0.34 0^9 

The ranges given for preffinrro and jet veloci^ 
represeist the £&c1^ tlia^ these increase tor or&e array to the 
next, as corusidered in the direction of travel of the veb« 
Xt sust bo understood that, all valizdia are approximate, and 
are given as accuratxaly as they are Jcnown to the applicants. 

Various properties of the substrate of Exaiaples 1 to 5 
vere tested , and also a further comparative substrate, 
Bxaaple 6, which, liXe Bxas^tles l<-4, was a hydroentangled 
substrate, but, unlilce ocmparative Sxample 9, vas apertured. 
Exas^le 6 vas produoed using more energy than for Sxaaples 1 
to 4. Sxwple 6 had a basis mi^ht. of 53.9 ga~^. !&e 
results of these tests ore set oot in Table 2. The vay in 
which the various tests were carried out is described later 
in this specification. 
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Tli« values ^Iven for modulus are those tor initial 
ziodulus, as is also tixm case in TeUt>le 2 below* 

Froa the above ir vlll be particularly zioted that 
in the invention the initial CD modulus is very low, 
and that even though there are relatively few apertures 
the density is also low* 

A further set of tests were ceirried out, repeating 
some of those which are the sxibject of Table 2, on 
Cxaunples 2, 5 and 6, after they had been subjected to a 
rubbing action. IThis action was intended to simulate 
what the sizbstrate esq^eriences when in use in, for 
escample, a wet wipe* Tha results are set out in Table 
3. 

TABLE3 

Ex*2 BxJS Bt.6 

% apeitiiies o|>ea <5 n/a ICO 

Caliper (mm) I.OS 0.66 D.6iS 

Tensile stceogth (CD) at break (N) 4.S 10 6.8 

Tensile stiQigah (&£D) at break (N) 18 47 63 

Toughness (CD) 9to) 0.3 0.6 0.7 

Toughness Q£D) (^) 0.5 13 1.6 

Modulus (CD)CK5( elongatum) O.OOS 0X24 0J093 

Modulus (MD)(N% dongadon) 0.89 1.6 6.7 

As can be saea froa thA above ^ rubbing 
substantially alters tbe properties of Estazaple 2 (vhich 
is according to tbe issvention) , but has a such less 
zoarked effect on Bassiz^les 5 and 6 (^icSt are not}« Xa 
eacb case tbe alteration in ICxas^le 2 is consistent 
with its being significantly weaker tlian ZseacapXem 5 and 
6, tbe effect of rubbing being to cause thm substrate 
to "beak up to an extent suf f ioimxt to produce the 
desired sensation to the user, but not suA as to cause 
complete disintegration (which is undesired) • 

Xn particular, attention is drawn to the fact that 
in Example 2 the caliper is significantly ix2creased and 
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the <:oughnoss i« significantly decr.ased, both, of which 
rot lect the partial break-up of the substrate. 

A comparison of Figures 2 and 3 shows the extent 
to which rubbing causes a substrate according to the 
invention (Example 2) to being to break up. 

A comrJarisoa of Pigure ♦ (Example 2 after rubbing) 
and Pigure 5 (E»uq)le 6 after rubbing) shows how mxdtx 
lower is the density of the substrate of the present 
invention, at least after rubbing, and the presence of 
numerous protruding fibres. 

Various Bodifications may be aade to the 
invention as described above, and soae of these will 
now be mentioned: 

(a) Instead of using orifice armys for 
hydroentangling in which the orifices are unifoialy 
spaced at, say, xtm centres along the entire effective 
length of the array, each array nay have a region of, 
say, icm, in which there ara orifices spaced at loO 
micrometer centres, alternately with regions of, say, 
0.5cm in which there are no orifices. Tie effect of 
this ia to produce e eubstrate irtiich has alternating 
strips of entangled fibres and non-entangled fibres. 
The former provide strength to the eubstrate, and the 
latter provide fibres which readily come loose from the 
substrate as a result of the friction of nabbing. 

(b) The substrate could be Multi-layer, one possible 
construction is a sandwich in which a central layer 
(trtiich may be of hydrosntanglad fibres, but could be of 
virtually any material, e.g. a woven aaterial, with 
external layers of fibres formed therein by 
hydroentangling according to the invention. Tliis would 
have the cleaning properties and softness associated 
with the present invention, but the possibility of 
other properties, e.g. added strength, froa the central 
layer. Another possible construction Is one of two 
layers, of which at least one layer is foraed by 
hydroentangling according to the invention. 
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Thexe now follows a description of how certain 
-bests referred t:o above zure to be carried out. 

Tbe following tensile properties of the previous 
exaieples are evalua-ted with an Xnstron tester under the 
following conditions. All tests are conducted at 
laboratory conditions of 21 C and 65% relative 
humidity. The Xnstron gauge length is 10 cm. 
Slongation rate is lOcm/min or 100%/minute. The 
Xnstron **jaws"* that secure the sasq^le are flat and 
irubber coated. 

Tens ile strength, initial modulus and toughness in 
both the MD and CD directions are determined from !*■ 
j wide strips cut to 15 cm in length and fixed without 

I slaclc but without tension on the Xnstron tester within 

f 

y ^aws set at 10 cm distance. The energy input fr» the 

i Xnstron machine to the sastple is then plotted over time 

k vith the y axis indicating the force applied to the 

sample in Newtons and the x axis indicating th^ % 

I elongation of the sample at the indicated elOT^gation 

I The tans 11 atrgj^crth number is defined as the peak 

^ force from this force over elongation curve, 

i The i^nltlal Taodulus number is obtained from the 

graph produced from the same test. Xt Is the initial 
f slope of the force/ elongation curve and is indicated as 

the y axis in unite of Kewtons/% elongation. 

The tQutCThTt<a«« is the nuwber obtained also from 
this came test and results groph. Toughness is defined 
the area uiider the entire curve indicated in Newtons 
by % elongation. 

substrate saliiaffiC is measured using standard EDAHA 
nox>-woven industry methodology, reference method #30-4- 
8d. 

£ntanglemant frequency is evaluated from the 
following data produced on the Xr^tron tester with 
strips of varying widths, ao indicated. 

Strip Width Av^ CD Strip IflsrnnHynfgftjpnBalft 
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SsmsMZ — On) LaiBiliiinI 

wO 8.0 0.8 0 0.5 

wl 8.2 0.3 o 5 

17.1 1.9 1.5 5 

Froa exeunplo #2, the entanglement frequency is 
calculated from the following equation, 
entangleuent frequency CO « 2 fT2-T| ) 

W1T2-W2T1- 

ProB tHie, tnen the entanglement frequency for 
example #2 in the CD direction is caj.culat«a t:o b. 
IX. 7. Further details of the concept of entanglement 
frequency can be found in the above cit«l reference US- 
A-3485706. 

Abrasion or Rubb4wq »Pff^^, 

in this test the substrate to be tasted is rubbed 
against another fixed piece of the sane substrate to be 
tested. 

One standard piece of equipment appropriate to do 
this is a "satra Martindale Abrasion Machine" jis 
described in the Journel wf Textile InstruEents; Vol 33 
Ho 9 Sept 1942. However, any machine or laboratory set 
up that provides the following conditions may be used. 

The test substrate to be evaluated is claxped into 
e fixed, taught but not stretched position on a 
horisontal surface. The circular cla^ holding this 
material in place is S" in diameter, me rubbing test 
is th«« conducted on the area of tJis swi^le within this 
fixed circular damp. 

A second saapls of the test material is then 
claaped taught but not stretched in e fixed position on 
a 1.75" diameter flat and solid ended cylinder. This 
second saatple is then rubbed on the first cample for 
the purpose of the test. The vertical force, or 
absolute mass (weight) o£ the second en^le against the 
first saz^le is 0.68 Kg. 

The second sample with this weight is than rubbed 
against the first sample in a repeating pattern, known 
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as- a Lissajous pat:-tern, tlxa^ fully covers the -test 
sample, as shown in Figure 7- 

There are 10 cycles of this pattern for the 
test where one cycle is represented by the full 
pattern shown above. One cycle consists of 15 
oscillations in one direction and a second 15 
oscillations at right angles to the first set of 
oscillations. One full cycle of these 30 

oscillations is done over 18 seconds* 

The substrate within the 5" fixed ring is then 
considered the treated szmple. For the purposes of 
the Instron testing of the rubbed or treated sample, 
this piece of substrate is then cut in the CD or HD 
direction into strips of the appropriate width and 
length for the Instron test. 

For exaonple, for the tensile, initial modulus 
and toughness tes-ts on the Instron machine, this 
treated strip is cut to X" wide by 15 cm long 

strips ( . 3fOn<si m^y> ^%i^i.p b^Anq 3,r!t4Agat^e4 fex tij^ 

rectangle S in Ficnira 7. 

Figure 6a to 6@ are curves of the type just 
mentioned derived from thre« different materials, as 
follows: 

Figure 6a/6b: Substra'te according to 

coiaparative ExaaB5)le 5 
Figure 6c/dc: Sxibstrate accordina to the 

invention (Exaaple 2) 
Figure 6e/6f: Sx^stra-t* according to 

coRp&rative Exampla 6. 
Figures 6a, 6c and 6e are for KD, and Figures 
6b, 6d and 6f are for CD. The rotation "NO^UtAL" 
means before rxibbing an<£ **RUBB£D'* means after 
rubbing. 

The ordinate in each the graphs is in N, and 
the absoisea is in % elongation of the sample. For 
the purposes of calculating ths toughness in Km, ths 
% value is converted invo m by %/lOO x O.im, with 
0.1m being the length of ths strips being tested. 

AMENDED SHEEI 
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The t;oughness values obtained are as follows: 



Normal fNia^ R^^be<j (Vr^ 

Figure 6a 1.5 1.3 

Figure 6b 0,6 0*6 

Figure 6c 0.9 0.5 

Figure 6d 0,4 0.3 

Figiire 6e 1.6 1.6 

Figure 6f 0.6 0.7 
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1. A aon-voven fibrous substx-ata for uso in a 
clc&anin9 article, ^haroln tha mbs'bra'ta has a najor 
Burfaco for rub^;:;ji9 on a curfaca to ba elaaimd, a lov 
ateength in at laast ona diraction, and coaprisaa at 
lo&st a proportion of long fibras whicSi ara eapablo of 
protruding from tba said major surfaca aa a rasult of 
said rubbing whilst rcsaining attactiad to the 
substrata • 

2« A aubctrato according to claim 1^ vhitfh, as nada, 
has a toughnasa, aa dofinad harain, of lass than 0*6 Ha 
in at least ona diraetion 

3. A substrata according to cXain, 1, vhich« as mada, 
has a toaghnasSf as dafinad hsrain, of not sora than 
0»S Ku in at laasit ona dtiroction. 

4 • substrata aceording to any praoading claim, 
vhich^ aa mada, has a tougfimasa, as dafinad barain, of 
lass than l.2S5ii in aaeh of tvo mutually perpandicalar 
directiosia* 

5 • A aybetrata aeeordlag to any ^aoading oleim, 
irbloh hmm a teughnass, as dafinad barain, attar 
rubbing, as also defined horain, of laaa than o.B im in 
at laast ona diraotion. 

6. A subfltrata aooording to any praeading claim, 
which has a toughnaas , as dafinad harain , af tar 
ruining, aa aleo dafinad herain, of Issa than 0*6 mm in 
aach of two mutually parpasdiouXar diraetiana. 
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7. A substrate according to any preceding claiio, 
wherein rubbing, as herein defined, reduces the 
toughness, as also defined herein, by at least 15%. 

8 • A substrate according to any preceding claim, 
which_, as made, has a tensile strength, as defined 
herein, of not more than 45K in any direction. 

9 • A substrate according to any preceding claim, 
which has a tensile strength, as defined herein, after 
rubbing, as also defined herein, of not aore than XOM 
in at least one directioii, and/or not nore than 3 ON. in 
each of two mutually perpendicular directions. 

10 • A substrate according to any preceding claim, 
wherein the said long fibres have a length of at least 
2 cm, preferably a length of from 2 to ecm, and- more 
preferably a length of at least 3ca, most preferably 
from 3 to 5cm. 

11. A substrate according any preceding claim, wherein 
the said long f iteos have a tensile strength of at 
least 2.5C39, preferably at least Self. 

12. A subflitrate according to axQf preceding claim, 
wherein said major surface is tascttirmd. 

13. A substrate according to claim X2, wherein said 
te^cture Is in the form bf a grid of d^ressions axid 
ridges, of which not more, S0%, preferably not nore than 
50%, of the depressions form apertures open to the 
opposite face of the svibstrate. 

14. A substrate according to claim 13, vherein there 
are from 13-30 depreseiona/ca^ • 
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15. A ve-t wipe which comprises a substrate according 
-to any preceding clain, and a cleaning liquid carried 
-thereby* 

16 • A wet wipe according to clain 15 , wherein the 
substrate has densi-ty, when dry o£ not nore than 0.1 
g/cm^ . 

17. A wet wipe according to claim 15 or 16, wherein 
the cleansing liquid is aqueooSf or has an aqueous 
continuous phase, and wherein the said long fibres 
comprises fibres which are hydrophobic. 

18. A wet wipe according to olala 17, wherein the said 
hydrophobic fibres are of polyethylene terephthalate or 
polypropylene, or have an external layer thereof. 

19. A wet wipe according to claim 17 cr 18, wherein 
the deeming liquid is an oil or has an oily continuous 
phase, and wherein the said long fibres comprise fibres 
which are hydrophilic. 

20. A wet wipe according t:o daia 20 or 21, wherein 
the cleaning liquid is a sillcosie emulsion. 

21* A wet wipe according to claia 20, wherein the said 
hydrophilio fibres ere of viacoso, cotton or flax. 

22. A wet wipe according t^o any one of clai^eia 15 to 
20, wherein the said long fibres comprise e fixture of 
hydrophobic and hydrophilio fibres. 

23. A wet wipe according to any of claisa IS to 22, 
wherein all or substantially all tlie fibres of the 
substrate ar« long fibres. 

24. A method of producing a non-wven, fibrous 
cubstrate for use in a cleaning article, and having a 
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major svurf ace for rubbing on a surfaca to b« caoanod, 
wherein a fibrous layer comprisir.g fibres of which at 
Xeas-t a proportion are long fibres, is subjected to 
hydroontangling by maaixs of jets of liquid which apply 
to the fibrous layer a force s^off icient to produce a 
coherent substrate bu^ low enough for at least soma of 
said long fibres to be capable of protruding from said 
major surface as a result of said rubbing, whilst 
remaining attached to the substrate* 

25. A method, -according to claim 24, wherein the jets 
of liquid apply to tbe fibrous layer an energy of not 
more than 0.8 kWhAkg of fibrous layer material, 
preferably not more than 0.5 XWh/lcg. 

26. A method according to claim 25, wherein the said 
energy is at least 0.OO05 XKh/)cg. 

27. A method according to cjiy one of claims 24 to 26, 
wherein the jets of liquid are directed at the fibrous 
layer while the layer is travelling in a first 
direction at a speed of at least 25 s/min, preferably 
at least 40 m/min. 

28. A mietaiod according to claim 27, wherein the jets 
of liquid are directs at the fibrous layer at an angle 
which, as viewed in said first direction and/or as 
viewed perpendicular to said first direction , departs 
from the normal to the fibrous layer by a predetermined 
amount, preferably up to 45^- -.i. > 

29. A mothcd according to any one of claims 24 to 28, 
wherein the fibrous layer is positioned on a carrier 
surface having apertures therein, preferably from 12 to 
30 apert\irea/cm2. 
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